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The HoneybeeDance-LanguageControversy
Robot Bee Comes to the Rescue
Raghaf)endraGadagkar
Languageisusuallycreditedwithbeingthemajorfactorin
makinghumanssodifIerentfromotherhigheranimals.
The factthathoneybeeshavea dancelanguagethatis
unparalleledintherestoftheanimalkingdomistherefore
of greatinterest.Successfulforagerbeescommunicate
informationabouthesourceoffooddiscoveredbythem,to
theirsistersuponreturninghome.Theydothisbymeansof
arounddance(whichonlysays,thereis foodnearby)ora
waggledancewhichgivesinformationabouthedistance,
directionandquantityof foodtobeexpected.Karl Von
FrischbaggedtheNobelPrizein1973,mainlyfordecipher-
ingthedancelanguageofhoneybees.Howeverthereare
somescepticswhobelievethatthedancethattheforagers
doperformmayhaveno communicationvalueandthat
beeslocatesourcesoffoodbasedonthescentleftbehindby
thediscovereronthewaytoandatthelocationofthefood
source.Whilebeescanfindfoodbasedonsuchodours,
recentexperiments,usingarobotbee,convincinglydem-
onstratethatbeescanalsofind food,in theabsenceof
smell,onthebasisofinformationcommunicatedthrough
thedancelanguage.
Language -The PrimeMover
Humansandchimpanzeesshare99%oftheirgeneticinforma-
tion.Whatthenmakesussodifferentfromchimps?Ourlanguage
isoftencreditedwithbeingtheprimemoverinmakinghumans
whattheyare.Wehaveauniqueabilitytomodulateourvocaliza-
tionsbecauseoftheunusualstructureofourvocaltract.Forthis
weincidentallypaythepriceoftheriskofchokingtodeathwhile
eatingordrinking.Non-humanapescanneitherproducecompa-
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rablevariationsinsoundnordotheychokeastheycansimulta-
neouslyeator drinkandbreathe.Theuniquestructureofour
vocaltract,takentogetherwithoursuperiorbrainsthatpermitus
todetectvirtuallyinfinitevariationsinsoundand-associate-them
withobjectsorthoughtsinanarbitraryandsymbolic(seebelow)
manner,leadtoman'sunparalleledabilitytocommunicateand
changetheworld.Theonlysoberingfactisthatwearenotquite
alone,atleastinourabilitytouseasymboliclanguage.Theonly
otherexampleofawell-developedsystemofassociatingenviron-
mentalstimulinanarbitraryandsymbolicmannerwith"univer-
sallyunderstoodmeanings"isseenin thedancelanguageofthe
honeybee.Theclaimisnotthathoneybeescomeanywherenear
humansin theircommunicationskillsbutthatnoothernon-
humananimal,venebrateorinvenebrate,canmatcheventhebee
dancelanguage.
HoneyBees
Honeybeesliveinextremelypopulouscoloniesandmaintainan
elaboratesocialorganization.Everycolonyhasasinglequeen,a
fewhundredrones(males)andtensofthousandsofworkers(all
females).Thequeenis anegglayingmachineanda chemical
factory.Sheisresponsibleforalleggslaidin thecolonyandshe
manipulatesthebehaviouroftheworkersthroughvariousphero-
mones(chemicalmessengers)thatshereleasesfromtimetotime.
Theworkerstakeontheresponsibilitiesofnestconstructionand
maintenance,broodcare,andforagingfornectarandpollenfrom
theenvironment.Thedronesdonothingforthecolonyitselfand
arechasedaway(oftenwithlimitedsuccess)duringtimesoffood
scarcity.Thesuccessofhoneybeestomaintainsuchlargecolo-
niescanbeattributedtotheirabilitytoefficiendyharvestlarge
butephemeralsourcesofpollenandnectarfromflowersintheir
neighborhood.This in turndependscruciallyon theunique
abilityofasuccessfulforagerbeetoquicklyrecruitlargenumbers
ofnaiveworkersfromitscolonytoanewlyfoundsourceoffood.
Afterdecadesofpainstakingobservationsandmanyfalsestans,
theAustrianzoologistKarlvonFrisch(Figure1)discoveredand
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decipheredthehoneybeedancelanguagewhichenablesuch
recruitment.
The Dance Language
A successfulforagerthatreturnstothecolonyattractstheatten-
tionofhersistersbymeansofachemicalshereleasesuponarrival.
Thisusuallyensuresheranattentiveaudiencetobeginherdance.
Theforager,whoalonepossessesinformationonthelocationof
food,performseitheraroundanceorawaggledance(Figure2).
Duringarounddancethebeerunsinsmallcircles,oftenalternat-
ingbetweenclockwiseandcounterclockwisedirections.During
thewaggledance,theforagerwagglesherbodyfromsidetoside
about13timespersecondwhilerunningin astraightline,and
thenreturnstothestartingpointwithoutwagglingherbody,in
aclockwiseorcounterclockwisedirection.Shethenrepeatsthe
wagglerun,thusinscribingafigureofeight.Therounddanceis
performedif thefoodiswithin100morsoofthecolonyandthe
waggledanceisperformedif thefoodislocatedbeyondthat.The
rounddanceappearstoprovidenomoreinformationthanthat
thereisfoodcloseby.Butthewaggledancehasbeenshownto
conveyinformationonthedistancebetweenthecolonyandthe
food,thedirectioninwhichthefoodsourceislocatedaswellasan
indicationofhowmuchfoodistobeexpected.Thedanceralso
carriesthesmellofthepollenand/ornectarthatshehasrecently
encounteredandthataddsto theknowledgeof thepotential
recruits,bothduringtherounddancesaswellasduringthe
waggledances.
Is It a Language?
Thedirectionofthewaggleruncontainsinformationabouthe
directionofthefood.Mostspeciesof honeybeesdanceonthe
verticalsurfaceof thenestwhichis builtinsidea darkcavity.
Hencethebeeusesgravityandnotthesunasthereferencepoint
whiledancing.For this thebee5haveto transformtheangle
betweenthesun(or, to be moreprecise,thesun'sazimuth,
RESONANCEI January 1996
Thebee uses
gravityand not
the sunas the
referencepoint
while dandng.
><
«>-«
z
~
Z
«II>
Flgure2 OtIfICBI7andlhelr
foIlt1wws(TapJ:lfHlnddance
andflk1tlomJ:waggledanca
65
GENERAL I ARTICLE
FIgU/83 ThetW1f/11ledtlnctl
orIlIIIfr1tItm6III..hrlled for
thffHIdlffrnenfpD6/HtHIIof
"", foodMJl/n:tI.When"",
food Is In "", dlffldlonof
"", suntI$In (,"", wrIggle
runIsdlf8dedUpwrltdsllnd
when"", foodHUla Is In
"", dlffldlonoppos/lflto"'"
SUI'-"", Mlgglerun Is dl-
f8ded dDWflWfltds.When
"", foodIs 80 degffHISto
the left of the SUI'- the
wrIgglerunIs80degffHISto
"", 1t1ffof"", VfH1Iml.
66
..
(f) ",..'"
meaningitsprojectiononthehorizon),thefood,andtheirnest,
into ananglewith respecto thevertical.This is wherethe
arbitrarinesscomesin.Thesymbolicrepresentationthatallbees
seemtohave"agreed"uponistorepresentthedirectionofthesun
withawagglerunpointingstraightup,adirectionagainstthesun
withawagglerunpointingstraightdown,alocationoffood60
degreestotherightof thesunwithawagglerundirection60
degreestotherightof thevertical,andsoon(Figure3).Every
directionintheoutsideworldcanthusbeaccuratelyconveyedby
theangleofthewagglerunexceptonlywhenthesunisexactly
overheadattheequator(whenthebeessimplyrestfor a few
minutes!).Thenumberoffigureeightcircuitsmadeperunittime
andthedurationofeachwagglerunindicatethedistancebetween
thenestandthefoodsource.Therearegoodreasonstocallthis
communicationsystemofthehoneybeealanguage.Firstly,the
beelanguageconveysinformationaboutsomethingatgreatdis-
tanceandnotvisibleatthetimeofcommunication.Thenotations
arearbitrary;"up"meansinthedirectionofthesunbecausethat
iswhatthebeeseemtohave"agreed"upon,butit couldaswell
havebeenthat"down"meansin thedirectionofthesun.More
interestingly,thebeedancelanguagealsohasdialects.Thereare
slightlydifferentcalibrationsofthefigureofeightcircuitdura-
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The Controversy
KarlvonFrischwontheNobelprizein 1973forthisdiscoveryin
spiteofachallengetohistheoryofthedancelanguagethrownup
by twoscientistsfromCalifornia,AdrianWennerandPatrick
Wells.TheirclaimwasthatvonFrisch'sdecodingofthedance
languagewasa meredelusionandthatbeesreallylocatefood
discoveredbytheirsistersbymeansofscentleftbytheoriginal
discovereron thewaytoandatthelocationof thefood.This
counterargumentcannotbedismissedoutofhandbecausebees
haveaverywelldevelopedsenseofsmell.Theyareindeedcapable
offindingfooddiscoveredbytheirsistersbymeansofthescent
of thediscovereronthewaytoandatthelocationofthefood,
undersomecircumstances.However,thequestionisnotsomuch
whetherbeescaneverlocateafoodsourcesuccessfullybymeans
ofodourcuesleftbythediscoverer.Thequestionof interestis
whetherbeescaneversuccessfullycommunicateusinga sym-
bolic,arbitrarydancelanguagewithoutheneedforscentmarks
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ofthediscovereralongthewaytoandatthetargetlocation.This
canonlybetestedbyeliminatingthescentmarksofthediscoverer
andretainingonlytheinformationprovidedbythedancer.This
wasaccomplishedin an ingeniouswayby JamesL Gouldof
PrincetonUniversity.He madethebees"lie" andprovedthe
existenceofatrUelanguage!
BeesCanTell Lies
If abeenestisremovedfromitsnormallydarkcavity,thedancers
neednolongeruse"up"tomeaninthedirectionofthesun;they
canaswellaimtheirwagglerunsin thedirectionof thefood
sourceusingthesundirectlyasareferencepoint.Thewaggleruns
cannowbeinthedirectionofthesun,awayfromthedirectionof
thesunor60degreestotherightofthesunandsoon,depending
onwherethefoodislocated.A nastytrickusedbyGouldwasto
placeapowerfulsourceofartificiallightclosetothenest.When
youdothisthebeesthenignorethesunandconfusethislightfor
thesun.In otherwords,theyorientheirdanceswithreferenceto
thisartificialsun.If thelightisplacedinapositionverydifferent
fromthatoftherealsun,beesusetherealsunwhileforaging,and
theartificialsunwhiledancingandthuscommunicatecom-
pletelywro~ginformation.In additiontotheirtwocompound
eyes,honeybeeshavethreesimpleeyescalledocelliontheback
oftheirheads.Theseocelliareusedtosensetheintensityoflight
andhelpbeestodecidewhentostartandwhentostopforaging.
The ingenuityofGould'sexperimentaldesignwastopaintthe
ocelliof thedancersothattheycouldnotseethebrightlight.
Theythereforerevenedtousinggravityforconveyingorienta-
tionandletussayindicated60degreestotherightof"up"because
thefoodwaslocated60degreesto therightof therealsun.
However,therecruits(thedancefollowers)hadnormalunpainted
ocelliandmistookthebrightlighttobethesun.Thustherecruits
wereexpectedtogotothemisunderstoodlocation,60degreesto
therightofthebrightlightinsteadofgoingtothetruelocation,
60degreestotherightofth~realsun.Gouldofcoursewaswaiting
atthis"wrong"location(60degreestotherightoftheartificial
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light,attheappropriatedistance)wherehewasconfidenthe
recruitswouldgoandsureenoughewasrewardedbythearrival
ofthebees!Noticethatthebeeshouldhavegonetothecorrect
location,60degreestotherightoftherealsunif theyhadrelied
onthescentofthedancersonthewaytoandatthelocationofthe
food.AlthoughvonFrischretainedtheNobelPrize,eventhis
elegantexperimentdidnotsetthecontroversytorest.
TheRobotBee- A NovelSolution
Themainproblemisthatwecannotclaimtoknowexactlywhat
it isthatthedanceristellingtherecruits.Whatweneedistobe
abletotalktobeesintheirownlanguageandrestrictcommuni-
cationto only thoseelementsof the languagethatwe have
deciphered.Soundsimpossible,doesit not?Well,notquite.A
MichelsenandB B AndersenfromDenmarkandWolfgang
KirchnerandMartinLindauerfromGermanyhaveconstructed
a mechanical"robot"beethattalkstotherealbeesthrougha
computer,programmedbythescientistsbasedontheirideaofthe
beedancelanguageand,believeit ornot,thebeesunderstand!
Therobotbeewasmadeofbrassandwasabouthesizeofareal
bee(Figure5).It wascoatedwithathinlayerofwaxandmadeto
sit in thenestamongtherealbeesforabout12hoursandthus
cametosmelllikethebees.It hadwingsmadeof razorblades
whichwhenvibratedproducedacousticsignalsimilartothose
(
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producedbyrealdancingbees.Tworodsattachedtotherobotbee
helpedcontrolitsmovementsthroughacomputerprogram.Most
importandyaplastictubenearthemodel'sheaddelivered,like
therealbee,adropofsugarsoluti09-fromtimetotime.Thiswas
essentialtopreventtherealbeesfromattackingthemodel!Now
bymakingtherobotbeeperformawaggledancewithaparticular
orientationof thewagglerun,MichelsenandCo.thoughthat
theycouldmakethebeesgowherevertheywishedthemtogoand
sureenoughtheywereright!Thisgivesusconfidencethatour
understandingofthebeedancelanguageissufficienttomakethe
beesunderstandthetruemeaningofamessage.Thisshouldlay
thecontroversytorestandvindicatetheNobelLaureate'stheory
but,knowinghuman ature,WennerandAdrianarenotgoingto
beconvinced.Thatwon'tbesobadreallybecauseitwillmotivate
someoneto doanevenmoreingeniousexperiment-science,
afterall,thrivesoncontroversyandapenchantfordisbelieving
others'findings.
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